consistent mean field gap equation [section 6 of (16); h.c., hermitian conjugate]. The in-plane B c2 for a sample with a given T c can then be determined by including the intrinsic SOC term b SO and the Rashba energy a R k F , where k F is the Fermi momentum.
For the most extensive data set from sample D1 [T c (0) = 2.37 K], the relationship between B c2 /B p and the reduced temperature T/T c , shown in Fig. 4E , can be fitted well with b SO = 6.2 meV and a R k F = 0.88 meV. The value obtained for b SO corresponds to an out-of-plane field of~114 T, which is comparable to the value expected from theoretical calculation at the K point (3 meV) (23) . The Rashba energy obtained can be regarded as an upper bound, because the present model does not include impurity scattering, which can also reduce B c2 (45) .
The scale of B c2 enhancement is determined by a destructive interplay between intrinsic b SO and a R k F . Reaching higher T c (0) requires stronger doping under higher electric fields, with a concomitant increase of B Ra . As a result of this competition, the in-plane B c2 protection should be weakened with the increase of T c (0). To support this argument, we chose two other superconducting samples that showed consecutively higher T c (0) (from D1 and D24). By assuming identical b SO (6.2 meV), B c2 from D1 with T c (0) = 5.5 K and B c2 from D24 with T c (0) = 7.38 K can be well fitted using a R k F = 1.94 and 3.02 meV, respectively; these values are consistent with the expected increase of a R k F with T c (0) (Fig. 4E) .
The effective Zeeman field and its orthogonal protection in individual layers can also be induced by reducing the interlayer coupling in bulk superconducting TMDs (33, 35, 38, 46, 47) . Therefore, a large in-plane B c2 was also observed in bulk when lattice symmetry was lowered by intercalating organic molecules and alkali elements with large radii (Cs-intercalated MoS 2 shows the highest B c2 among bulk phases in Fig. 3D ) or by forming a charge density wave (46) . We compared our B c2 results with those obtained from other superconductors with enhanced B c2 under their maximum spin protection along the labeled crystal axis (Fig. 4F) ; we found that the Zeeman field-protected states in our samples are among the states that are most robust against external magnetic fields. Given the very similar band structures found in 2H-type TMDs with universal Zeeman-type spin splitting and the recent successes in inducing more TMD superconductors using the field effect (17, 48, 49) , we would expect a family of Ising superconductors in 2H-type TMDs. The concept of the Ising superconductor is also applicable to other layered systems, where similar intrinsic SOC could be induced by symmetry breaking. After 8 years of decay of its ice shelf, Zachariae Isstrøm, a major glacier of northeast Greenland that holds a 0.5-meter sea-level rise equivalent, entered a phase of accelerated retreat in fall 2012. The acceleration rate of its ice velocity tripled, melting of its residual ice shelf and thinning of its grounded portion doubled, and calving is now occurring at its grounding line. Warmer air and ocean temperatures have caused the glacier to detach from a stabilizing sill and retreat rapidly along a downward-sloping, marine-based bed. Its equal-ice-volume neighbor, Nioghalvfjerdsfjorden, is also melting rapidly but retreating slowly along an upward-sloping bed. The destabilization of this marine-based sector will increase sea-level rise from the Greenland Ice Sheet for decades to come.
Z achariae Isstrøm (ZI) and Nioghalvfjerdsfjorden glacier (NG), in northeast Greenland, drain a sector 198,380 km 2 in size, or 12% of the Greenland Ice Sheet (1). These two glaciers together drain the northeast Greenland ice stream, the only large, dynamic feature that extends continuously deep to the ice sheet interior near Greenland's summit (2) . This marine-based sector holds a 1.1-m sea-level rise equivalent (3) (Fig. 1D) .
We constructed a high-resolution bed topography of both glaciers (Fig. 1 ) using a mass conservation method over grounded ice (3) and airborne gravity inversion (4) over floating ice.
On ZI, we find that the grounding line in year 1996 (5) was positioned 450 m below sea level (bsl), on a previously unknown sill that crosses the entire glacier width. Seaward of the sill, the seafloor drops to 800-m bsl (Fig. 1D) . Inland of the sill, the glacier bed remains between 400 and 700 m bsl for 30 km. The bed then rises to reach a ridge at sea level. The ridge is cut across by a 300-m-deep channel that connects with interior regions, where the bed remains 300 m bsl for another 150 km. On NG, the 1996 grounding line was 600 m bsl. We find no sill, and the bed is sloping upward until 45 km inland. Seismic data collected in the 1990s (6) indicate that the ice shelf floats on a 900-m bsl cavity. The seafloor rises to 200 m bsl to the east, where the ice front is anchored by islands and ice rises, and 600 m bsl to the north into Dijmphna Sund.
We use Landsat optical imagery ( fig. S1) (7).
We map the glacier grounding lines from 1992 to 2015 (Fig. 1C and figs. S2 and S3) using differential satellite radar interferometry (DInSAR). The grounding line of ZI retreated by 3.5 km at its center between 1996 and 2010, and 3.5 km between 2011 and 2015 (Fig. 1C) . The mean rate of grounding-line retreat therefore quadrupled from 230 m/year to 875 m/year before and after 2011. On NG, the grounding line retreated 1 km between 1992 and 2011 and has remained stable since. The DInSAR observations reveal a downward tilting of the ice-front surface of ZI by 75 cm between 16 to 20 December and 20 to 24 December 2014 in a section 1 km wide by 7 km long (Fig.  1C) . We attribute this deformation to a buoyancydriven rotation of the terminus depressed below flotation and facilitated by the propagation of basal crevasses to the water line (8) .
We document 40 years of surface velocity using Landsat and SAR instruments (table S1 and Bed elevation (km)
Repeat measurements of ice thickness (±10-m precision) and surface elevation (±10-cm precision) using radar and light detection and ranging (LIDAR) data (see the supplementary materials) from 1995 to 2014 provide precise information about ice thickness change during the retreat of ZI. About 4.5 km upstream from the 2014 grounding line of ZI, the ice-thinning rate doubled from 2.5 ± 0.1 m/year, consistent with (9), to 5.1 ± 0.3 m/year during 1999 to 2010 and 2010 to 2014, respectively. On the ice shelf, the change in ice thickness is large enough to be directly measured with radar (Fig. 3) . After correction for dynamic thinning and changes in surface mass balance (SMB), we find that the ice-shelf thickness at the 1996 and 2011 grounding lines decreased by 161 ± 43 m and 100 ± 50 m, respectively, during 1999 to 2010 and 2010 to 2014, reflecting enhanced bottom melting by the ocean of 14.6 ± 4.1 m/year and 25 ± 12 m/year during those time periods (see the supplementary materials). Application of mass conservation on the ice shelf indicated that in the 1990s, the steadystate bottom melt rates of ZI and NG averaged 8 and 5 m/year, respectively, and reached 25 m/year within 10 km of the grounding lines (5). We conclude that ice-shelf bottom melting doubled in recent years compared with the 1990s and that half of the increase took place between 2010 and 2014.
On S5 ). This corresponds to a bottom melting of 13.3 ± 4 m/year in the past 15 years, or 50% above the melt rate from the 1990s (5). The ice shelf is therefore eroding rapidly from the bottom. We hypothesize that the erosion has not translated into an inland migration of the grounding line and iceflow acceleration because the bed of NG rises inland and the ice-shelf front did not detach from bay walls, islands, and ice rises ( fig. S5) .
Combining surface velocity and ice thickness, we calculate the glacier ice discharge from 1976 to 2015 (Fig. 4 and fig. S6 ). On ZI, the ice flux increased from 10.3 ± 1.2 Gt/year in 1976 to 15.4 ± 1.7 Gt/year in 2015, or 50%. On NG, the ice discharge increased by 8% from 1976 to 2015. Comparing the ice discharge with net accumulation of mass over the drainage basins ( fig. S7 ) using the regional climate model MAR (Modèle Atmosphérique Régional) (10) indicates that ZI was in a state of mass balance until 2003 and is now losing mass at about 5 Gt/year, whereas NG remains close to a state of mass balance (Fig. 4) . Our discharge estimates for ZI supersede the overestimates in (7) for the period 1990 to 2012, which employed less reliable ice thickness data (figs. S8 and S9).
The MAR reconstruction shows that the mean surface runoff tripled from 0.6 to 1.8 Gt/year, respectively, during 1960 to 1990 and 2002 to 2014 (Fig. 4C) as a result of warmer air temperatures. Higher melting thins ice from the top and contributes to grounding-line retreat as floating ice achieves hydrostatic equilibrium farther upstream. Meltwater ponding on the ice shelf likely contributed to its break-up via hydrofracturing (11) . Warmer air temperatures melted the ice mélange that keeps ice floes glued together in the fjord (7). Enhanced glacier runoff increased subglacial freshwater discharge at the grounding line, which drives a stronger thermohaline circulation at the ice underside and increases the rate of melt by the ocean (12) .
Ocean in situ measurements over the period 1997 to 2010 show an increase of +1°C in mean temperature of the warm, salty subtropical-origin Atlantic Water (AW) advected from the North Atlantic toward the Arctic Ocean via the West Spitsbergen Current (WSC) (13) . Although resolving the transport pathways and water-mass transformation of AW in the Northeast Atlantic and East Arctic Ocean is an area of active research (14, 15) , it is known that some fraction of these warm northward-flowing waters recirculates in the northern Greenland Sea and in the southern Nansen Basin to join the southward-flowing East Greenland Current (EGC) (16) . Ocean temperatures observed from moored instruments spanning Fram Strait at 78°50′N from 1997 to the present (17) show that temperature anomalies in the northward-flowing WSC also appear in the southward-flowing EGC (18) . Although highresolution (2 to 4 km) ocean simulations show that ocean temperature anomalies on the EGC propagate from the continental shelf break into Belgica Trough to within 50 km of ZI (19) , the seafloor bathymetry in these critical last 50 km is not known well enough to simulate ocean circulation close to the glacier. Yet observations from 1996-1997 (6) and 2009 (20) reveal the presence of warm AW at the mouth of the NG ice-shelf cavity. A 1°C increase in AW would have increased bottom melting by 10 (21) to 20 m/year (22) , which is within the range of our observations. We conclude that ocean warming most probably played a major role in triggering the glacier retreat, more important than the sea-ice concentration decrease (7). Oceanographic observations near ZI are critically needed to address the effect of thermal ocean forcing on the glacier evolution in more detail.
ZI has now transformed into a tidewater glacier calving along an ice cliff as a result of warmer air and ocean temperatures. The mass loss is driven by the increase in ice discharge rather than a change in SMB (Fig. 4) . The glacier detached from a stabilizing sill and retreated into a retrograde basin 700 m bsl. Tidewater glaciers are known to retreat rapidly along retrograde beds until the bed rises again (23) . We project that ZI may continue retreating rapidly for another 20 to 30 years. Its ice front will progressively widen from 19 km at present to 50 km about 30 km upstream, thereby increasing ice discharge. The height of the calving cliff will increase from its current 75 m to enhance the risk of ice fracture (11) . With the formation of a calving cliff, the ocean-induced melt rates will increase considerably because buoyant meltwater plumes rise faster along a vertical face than along a near-horizontal ice-shelf bottom (5, 12) . Beyond 30 km, the retreat will be slowed down by a rising bed topography, but submarine channels will maintain the contact with the ocean into the deep interior.
The ZI/NG sector is one of three major marinebased basins in Greenland ( fig. S10) , along with Jakobshavn Isbrae (JI) and Petermann (PG)-Humboldt glaciers, each holding a 0.6-m sea-level equivalent. JI started a rapid retreat (18 km from 2001 to 2015) after the collapse of its ice shelf and has undergone massive calving events since 2010 (24) (fig. S11) . The central channel of the PG ice shelf lost 250 m of ice from 2002 to 2010, and the ice front retreated 33 km from 2010 to 2012 (25) . The NG ice shelf will become vulnerable to breakup in the near future if thinning continues. These observations combined suggest that all three major marine-based basins are undergoing substantial changes at present. JI and ZI have already transitioned to a tidewater glacier regime, with increased calf-ice production and ice melting by the ocean. The retreat of these marine-based sectors is likely to increase sea-level rise from Greenland for decades to come. GEVIs combine genetic targeting and optical readout of transmembrane voltage (3, 4) , and in principle can sense spikes and subthreshold dynamics. Nevertheless, to date, GEVIs have lacked the capabilities to detect individual action potentials and fast spike trains in live animals (3, 4) .
Past efforts fused fluorescent proteins to voltagesensitive domains (VSDs) from voltage-sensitive phosphatases (5-9) or used Archaerhodopsin (Arch), which is both a fast VSD and a dim fluorophore (10) . Although Arch variants work well in cultured neurons, the intense illumination required (1 to 10 W ⋅ mm −2 ) plus the consequent heating, autofluorescence, and photodamage have precluded imaging studies in intact tissue over wide fields of view (10) .
Here, we present fast GEVIs (<1-ms response) that fuse the Acetabularia acetabulum rhodopsin (Ace) (11) and mNeonGreen (12) fluorescent protein to enable voltage-sensitive fluorescence resonance energy transfer (FRET) (Fig. 1A and  table S1 ). We previously introduced this "FRETopsin" configuration (13, 14) , which combines the fast kinetics of a rhodopsin VSD with a bright fluorophore and provides high-fidelity membrane potential and spike train readouts at illumination levels~50 to 100 times lower than those used with Arch indicators. A FRET-opsin indicator based on Leptosphaeria maculans (Mac) rhodopsin and yellow fluorescent mCitrine reported fast neural spiking in brain slices and Purkinje neurons' dendritic activation in live mice (13) . These results had suggested that optical recordings of action potentials and dendritic voltage dynamics in live animals might be attainable. Ace-mNeon indicators now enable high-fidelity imaging of individual spikes and fast spike trains in live mice and flies due to their faster kinetics and superior brightness compared with all prior GEVIs. Ace is about six times as fast as Mac, and mNeonGreen has a~50% higher extinction coefficient than mCitrine and nearly threefold better photostability (12) . We created Ace mutants (Ace1Q and Ace2N) with an inactivated proton pump; these have blue-shifted absorption spectra compared with Mac and Arch (11, 13), yielding superior
